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1. Protocol Synopsis

Protocol number: MDGH-MOX-1008

Protocol title: A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group
Study to Evaluate the Potential Effect of a Single Oral Dose of
Moxidectin on the Cardiac QT Interval of Healthy Volunteers

Study phase: 1

Study site: Spaulding Clinical Research, LLC
525 South Silverbrook Drive
West Bend, Wisconsin 53095
United States

Objectives: Primary objective: To analyze the effect of a single oral dose of
moxidectin on the QT interval associated with moxidectin plasma
concentrations.

Secondary objective: To assess the safety and pharmacokinetics (PK)
of a single oral dose of moxidectin.

Exploratory objectives:

e To gain preliminary information in humans on the metabolism
and excretion of moxidectin;

e To evaluate the baseline-corrected changes in other
electrocardiogram (ECQG) and cardiovascular parameters; and

e To evaluate the ECG morphologic changes related to cardiac
repolarization (ST segment and T waves).

Subject population: The study will enroll at least 60 healthy male subjects who meet all of
the inclusion criteria and none of the exclusion criteria.

Inclusion criteria: A subject must meet all of the following inclusion criteria to

participate in this study:

1. Healthy male between 18 and 50 years of age (inclusive);

2. Body mass index of 18 to 30 kilograms/meters? (inclusive) and a
minimum weight of 50 kilograms (110 pounds);

3. Biologically or surgically sterile or must commit to using
2 reliable (in the opinion of the investigator) methods of
contraception, simultaneously, from Screening through the
duration of the study period (to Week 12);

4. Willing and able to give written informed consent.

Exclusion criteria: A subject will be excluded from participation in this study if he meets

any of the following criteria:

1. Unwilling to abstain from alcohol, caffeine, xanthine-containing
products, Seville oranges, grapefruit juices, and fish liver oils
within 72 hours before Check-in (Day —1) and throughout the
inpatient period of the study;

2. Less than 1 bowel movement every 24 hours in the absence of
any laxative, suppository, or enema use during the month before
Screening;

3. Abnormal fecal consistency within 24 hours of Check-in
(Day —1);
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10.

11.

12.

13.

Clinically relevant abnormal findings on medical history, clinical
laboratory test results, vital sign measurements, safety 12-lead
ECG results, or physical examination at Screening or Baseline
which, in the opinion of the investigator, would interfere with
dosing, jeopardize the safety of the subject, or impact the validity
of the study results;

History of clinically significant dermatologic, gastrointestinal,
renal, hepatic, neurologic, hematologic, endocrine, oncologic,
pulmonary, immunologic, psychiatric, or cardiovascular disease
or any other condition which, in the opinion of the investigator,
would interfere with dosing, jeopardize the safety of the subject,
or impact the validity of the study results;

History of hypersensitivity or allergic reactions to ivermectin,
moxidectin, or any of the ingredients in the study drug as
described in the Investigator’s Brochure;

Any condition that may affect oral drug absorption (e.g., previous
surgery on the gastrointestinal tract including removal of parts of
the stomach, bowel, liver, gall bladder, or pancreas);

History of risk factors for torsades de pointes, including
unexplained syncope, known long QT syndrome, heart failure,
myocardial infarction, angina, or clinically significant abnormal
laboratory assessments including hypokalemia, hypercalcemia, or
hypomagnesemia. Subjects are also excluded if there is a family
history of long QT syndrome or Brugada syndrome;

A sustained supine systolic blood pressure >150 millimeters of
mercury (mm Hg) or <90 mm Hg or a sustained supine diastolic
blood pressure >95 mm Hg or <50 mm Hg at Screening or
Check-in (Day —1). Blood pressure may be retested twice in the
supine position. The blood pressure abnormality is considered
sustained if either the systolic or the diastolic blood pressure
values are outside of the stated limits for 3 assessments, and the
subject will not to be randomized;

A resting heart rate of <40 beats per minute or >100 beats per
minute at Screening or Check-in (Day —1);

An uninterpretable or abnormal screening ECG indicating a
second- or third-degree atrioventricular block, or 1 or more of the
following: QRS interval >110 milliseconds (msec); QT interval
corrected by Fridericia’s formula (QTcF) >450 msec; PR interval
>200 msec; or any rhythm other than sinus rhythm that is
interpreted by the investigator to be clinically significant;
Concomitant use of prescription medications, including
medications known to prolong the corrected QT interval (QTc) or
herbal preparations, within 14 days or 5 half-lives (whichever is
longer) before study drug dosing, or use of an over-the-counter
medication or vitamins within 7 days before study drug dosing;
Received an investigational drug during the 30 days, or

5 half-lives of the study drug (whichever is longer), before
Check-in (Day —1), or is planning to receive another
investigational drug at any time during the study;

01 March 2017
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14. History or presence of alcohol abuse (defined as consumption of
more than 210 milliliters of alcohol per week, or the equivalent of
fourteen 4-ounce glasses of wine or fourteen 12-ounce
cans/bottles of beer or wine coolers per week) within 6 months
before Screening or a positive alcohol test at Screening or
Check-in (Day —1);

15. History or presence of substance abuse within the past 2 years or
a positive drug screen test at Screening or Check in (Day —1);

16. Current use or has used tobacco- or nicotine-containing products
(e.g., cigarettes, e-cigarettes, cigars, chewing tobacco, snuff)
within 14 days before study drug dosing;

17. Blood donation or significant blood loss within 30 days before
Check-in (Day —1) or plasma donation within 7 days before
Check-in (Day —1);

18. Presence of hepatitis B surface antigen or antibodies to human
immunodeficiency virus or hepatitis C virus at Screening;

19. Poor venous access in both arms;

20. Clinical signs of active infection and/or a temperature of
>38.0 degrees Celsius at Screening;

21. Unable to understand verbal or written English or any other
language for which a certified translation of the informed consent
form is available;

22. For any reason, is deemed by the investigator or medically
qualified designee to be inappropriate for this study, including a
subject who is unable to communicate or cooperate with the
investigator, and/or is unwilling to comply with protocol-defined
procedures and complete the study.

Study design:

This is a randomized, single-center, double-blind, placebo-controlled,
parallel-group study in which healthy male subjects will be randomly
assigned to one of the following treatments:

e  Treatment 1: moxidectin 4 milligrams (mg) (n = 10)

e  Treatment 2: moxidectin 8 mg (n= 10)

e  Treatment 3: moxidectin 16 mg (n = 10)

e  Treatment 4: moxidectin 24 mg (n = 10)

e  Treatment 5: moxidectin 36 mg (n = 10)

e Treatment 6: matching placebo (n = 10)

Subjects will provide written informed consent before undergoing any
study-related procedures. Subjects will be screened for eligibility up
to 28 days before randomization. Subjects who meet all of the
inclusion and none of the exclusion criteria will be admitted to the
clinical research unit (CRU) on Day —1 (not less than 12 hours before
scheduled dosing). Subjects will remain in the CRU for at least

72 hours after dosing and will return to the CRU for further
assessment on Days 8, 15, and 22, and Week 12. At Week 8, subjects
will be contacted via telephone for assessment of adverse events
(AEs) and concomitant medication use.

The duration of participation in the study for each subject will be up
to approximately 112 days, including Screening.

01 March 2017
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Study drug, dosage, and route of
administration:

Moxidectin, 2-mg tablets, administered orally as a single dose of 4, 8,
16, 24, or 36 mg

Reference drug, dosage, and
route of administration:

Placebo matched to moxidectin tablets, administered orally as a single
dose

Pharmacodynamic assessments:

Pharmacodynamics will be assessed via ECGs obtained using a
Mortara continuous 12-lead digital ECG recorder, which will be
reviewed and analyzed by the central ECG laboratory. The device will
remain connected to the subject during the confinement period. The
ECG data will be transmitted wirelessly to the Surveyor system,
which will extract triplicate 10-second ECG recordings
(approximately 1 minute apart) at the following time points: Baseline
(before dosing) and at 0.5, 1, 2, 3,4, 5, 6, 8, 12, 24, 36, 48, 60, and
72 hours after dosing. The ECG extractions will be time-matched to
the PK samples but obtained before the actual sampling time to avoid
changes in autonomic tone associated with the psychological aspects
of blood collection as well as the reduction in blood volume
subsequent to blood collection.

The continuous ECG data will be sent to the central ECG laboratory
for a high-resolution measurement of the cardiac intervals and
morphological assessment. The ECG core laboratory staff will be
blinded to treatment, time, and study day identifiers.

Pharmacokinetic assessments:

Blood samples will be collected to determine the PK of moxidectin
and metabolites in plasma. Blood samples will be collected for PK
assessments at Baseline (0 hour; within 15 minutes before dosing) and
at0.5,1,2,3,4%, 5, 6,8, 12* 24* 36* 48, 60*, and 72 hours after
dosing, and on Days 8, 15, and 22.

*  Planned time points for analysis of moxidectin metabolite
concentrations

Urine and feces samples for PK assessments will be collected from

each subject as follows:

e  Urine: Before dosing (single pre-dose collection; first void
sample in the morning is acceptable and volume recording is not
required) and for pooled intervals of 0 to 24, 24 to 48, and 48 to
72 hours after dosing (4 samples)

e Feces: Before dosing (single pre-dose collection*) and each
bowel motion during confinement in the CRU. Samples will be
pooled at the central laboratory for intervals of 0 to 24, 24 to 48,
and 48 to 72 hours after dosing (up to 4 samples)

*  Feces specimens (the whole bowel movement) may be collected
by subjects (at home) within 2 days of submitting them to study
staff on Day —1. Collection instructions will be provided at
Screening.

Specific PK parameters for moxidectin in plasma will include:

e AUCq.ast: area under the plasma concentration-time curve (AUC)

from time O extrapolated to the last observed concentration

e AUCq.inr: AUC from time 0 extrapolated to infinity

e cumAUC.: cumulative AUC from time 0 extrapolated to time t
(where t = 24, 48, and 72 hours)

e AUCp.24: AUC from time 0 to 24 hours after dosing
o AUCy.48: AUC from 24 to 48 hours after dosing
o AUC4.72: AUC from 48 to 72 hours after dosing

01 March 2017
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e Cpax maximum observed plasma concentration

e Tpax: time to maximum observed plasma concentration

ety terminal elimination half-life

Blood sampling time points will coincide with the ECG time points.
The blood samples will be collected as close to the scheduled time
point as possible, within 5 minutes and no later than 10 minutes after
the ECG, unless otherwise noted.

Additional PK parameters, including apparent clearance, volume of
distribution, and others may be determined as appropriate. The PK
parameters will be expressed in units adjusted for molecular weight
where appropriate.

Safety assessments:

Safety and tolerability will be evaluated in terms of AEs, clinical
laboratory test results (hematology, serum chemistry, and urinalysis),
vital sign measurements (blood pressure, heart rate, respiratory rate,
and oral body temperature), safety 12-lead ECG results, and physical
examination findings.

Sample size:

The sample size of 60 subjects (10 subjects each in 6 treatment
groups) is considered adequate to explore the effects of moxidectin on
the QTc interval, as this design will yield 900 QTc-PK pairs in total.
Additional subjects may be enrolled as alternates in this study should
a subject choose to withdraw consent before study drug
administration. Alternate subjects will remain in the CRU from
Check-in until all subjects due to be dosed have completed dosing.
Subjects who withdraw after dosing will not be replaced.

Statistical methods:

For purposes of statistical analysis, this study is divided into 2 study
periods:

e Period 1: Commences at Screening and will finish on Day 22.
The study blind will be maintained during this study period. After
the last subject has completed the study through Period 1, the
blind will be broken and the data from Period 1 will be analyzed.

e Period 2: Period 2 runs from Day 23 to Week 12. Data from
Period 2 will be analyzed after all subjects have completed the
study through Week 12. Data for some subjects may be collected
during Period 2 after the blind has been broken.

Pharmacodynamics:

The primary endpoint is the baseline-adjusted QTcF (dQTcF)

matched to the plasma concentration of moxidectin collected at the

same time point.

The relationship between time-matched dQTcF and moxidectin
concentrations will be investigated by linear mixed-effects modeling.
The ddQTCcF value will be calculated as the placebo-corrected dQTcF
estimated from the model.

Before modeling, the concentration-ddQTcF relationship will be
explored graphically to determine the presence of hysteresis.
Hysteresis will be assumed if, on average (or median), there are at
least 3 time points with ddQTcF >5 msec and the time to maximum
observed plasma concentration (Tmax) and the time of maximal
ddQTcF (Umax) differ by 30 minutes or more and the 1-sided,
1-sample Wilcoxon test for the difference between ddQTcF at Tmax
and at Unay is significant at the 1% level. If hysteresis is present, the
possibility of fitting a population PK model with an effect
compartment will be explored.

01 March 2017
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The primary analysis will be provided for the ECG population using a
mixed-effects model with dQTcF as the dependent variable and
treatment (active and placebo), time point, and treatment by time
point interaction as the independent variables with baseline QTcF as a
covariate and time-matched concentrations of moxidectin (observed if
hysteresis is not present; predicted from the effect compartment if
hysteresis is present) as a covariate with random effects of intercept
and slope. Concentrations of zero will be used for the placebo
treatment. A spatial power law covariance structure (a time-dependent
first-order autoregressive covariance designed for unequally-spaced
time points) will be used. If the model does not converge, then
unstructured (UN) or compound symmetry (CS) structures will be
assessed, in that order. The model will be used for predicting
population average and 90% 2-sided bootstrapped confidence interval
(CD) of the baseline-adjusted difference (i.e., ddQTcF) between active
and placebo at each time point bound at clinically relevant
concentrations. The bootstrap method will be based on percentile CI
using the 5th and 95th percentiles in the resampling distribution using
1000 iterations.

The criterion for negative QT assessment will be the upper bound of
the 2-sided 90% bootstrapped CI for ddQTcF being below 10 msec at
the largest geometric mean Cpax value. In addition, the significance
and magnitude of parameter estimates of the treatment covariate
(active versus placebo) will be considered.

Model assumptions will be reviewed with plots of standardized
residuals versus fitted values and normal Q-Q plots of the
standardized residuals. If nonlinearity is present, a log linear and/or
maximum effect (Emax) or other model will be considered.

Similar analyses will be repeated for HR, PR, and QRS, however,
bootstrap percentiles will be based on the 2.5th and 97.5th percentiles,
corresponding to a 2-sided 95% CI rather than the 2-sided 90% CI.

Pharmacokinetics:

Non-compartmental analysis will be implemented for the calculation
of PK parameters. The main PK parameters of interest are the
cumulative and pre-specified time-window AUCs for moxidectin
concentrations in plasma.

Computed PK parameters for moxidectin in plasma will be
summarized and listed for moxidectin, including mean, geometric
mean, SD, median, and range, as appropriate. Moxidectin
concentrations in urine and feces as well as plasma:urine and
plasma:feces concentration ratios will be summarized.

Summary statistics describing the time course of concentrations of

moxidectin metabolites and parent to metabolite ratios in plasma will
be presented. Metabolite concentrations in urine as well as metabolite
plasma:urine concentration ratios will be summarized as appropriate.

Pharmacokinetic/Pharmacodynamic:

To evaluate the relationship between placebo-corrected mean change
from Baseline in QTcF (i.e., ddQTcF) versus plasma concentrations
of moxidectin for all subjects, both graphical and mixed-effects
analyses of plasma concentration of ddQTcF versus plasma
concentration of moxidectin will be performed. The mixed-effects
model will contain ddQTcF as the dependent variable and include the
corresponding moxidectin plasma concentrations as the independent
variable. The mixed-effects model will be used to estimate, for all

01 March 2017
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subjects, the predicted population mean ddQTcF and its
corresponding upper 95% 1-sided CI over a range of observed plasma
concentrations. A negative result (i.e., the model indicates no plasma
concentration effect) is a slope of approximately zero.

Safety:

All safety assessments, including AEs, clinical laboratory test results,
vital sign measurements, and safety 12-lead ECG results will be
summarized using descriptive statistics and presented in data listings.
Physical examination findings and concomitant medications will be
presented in data listings. All safety summary tables and figures will
be generated using SAS®. No inferential statistics will be performed
on the safety data.

Date of protocol:

23 September 2016

Date of amendment 1:

01 March 2017
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Assessment

Period 2

Screening
D-28 to D-2

Period 1
Baseline

D-1 | py (Pre-dose) D1 D2 D3

D4

D8

D15

D22

W8 wizf

Outpatient visit

Informed consent

X
X

Telephone call

Inclusion/exclusion criteria review

Demographic information

Medical and medication history

Physical examination®

Vital signs®

Height

Body weight

Calculation of body mass index

Hematology, serum chemistry, and
urinalysis®

Urine drug screen

Serology

Safety 12-lead electrocardiogram?

PP D PR R PR R < < <

Continuous 12-lead electrocardiogram

PK blood sample collection®

PK feces sample collection

PK urine sample collection

Randomization

Study drug administration

Adverse events

X

Concomitant medications

X

Refer to Table 1-2:
Schedule of Events for Period 1 (Day —1 to Day 4)

X

>

olle

X

&
&

X

>
>

Abbreviations: D, day; PK, pharmacokinetic; W, week.

a. A full physical examination will be performed at Screening. At all subsequent time points, a symptom-based physical examination (informed by concurrent conditions, signs and
symptoms, and adverse events reported) will be performed.

b. Vital signs (supine blood pressure, heart rate, respiratory rate, and oral body temperature) will be measured after the subject has rested for approximately 5 minutes.

c. Blood samples for hematology and serum chemistry and a urine sample for urinalysis will be collected at Screening, on Days —1, 2, 3, 4, 22, and Week 12. Subjects must fast for
at least 8 hours before clinical laboratory testing.

d. Standard 12-lead safety electrocardiograms will be performed after the subject has been supine for approximately 10 minutes. At each relevant time point, safety 12-lead ECGs

will be performed before blood collection.

e. Blood samples will be collected for PK assessments at Baseline (0 hour; within 15 minutes before dosing) and at 0.5, 1, 2, 3, 4%, 5, 6, 8, 12%*, 24%* 36%*, 48, 60*, and 72 hours after
dosing, and on Days 8, 15, and 22. (* Planned time points for analysis of moxidectin metabolite concentrations, 8-mg cohort only)

f. If a subject discontinues from the study or is withdrawn, the investigator will notify the sponsor and, when possible, will perform the following procedures: vital sign
measurements; safety 12-lead electrocardiogram; symptom-based physical examination; collection of adverse events; and clinical laboratory evaluation (including hematology,

serum chemistry, and urinalysis).
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Table 1-2 Schedule of Events for Period 1 (Day —1 to Day 4)

Period 1

Day 1

Day -1
Assessment y (Pre-dose)

Day 1 Day 2 Day 3 Day 4

Hour relative to dosing <24 0 0.5 1 2 3 4 5 6 8 12 24 36 48 | 60 72

Admission to unit X

Discharge from unit X

Confirmation of eligibility

Physical examination®

Body weight

Hematology, serum chemistry, and
urinalysis

Il

Urine drug screen

Randomization X

=

Commence fasting®

Study drug administration® X

Consumption of a standardized meal X

Safety 12-lead electrocardiogram® X X X X X X X X X X X X

Continuous 12-lead electrocardiogram? < X >

Vital signs®

PK blood sample collection®

PK feces sample collection® X S | & XD P2 ) G >

PK urine sample collection® X S| XD | s N >

Adverse events X X AN

I e e

O RN RN

Concomitant medications X X >

Abbreviation: PK, pharmacokinetic.

a. A full physical examination will be performed at Screening. At all subsequent time points, a symptom-based physical examination (informed by concurrent conditions, signs
and symptoms, and adverse events reported) will be performed.

b. On Day —1, subjects will begin fasting as instructed and water can be taken ad /ibitum. On Day 1, study drug administration (moxidectin or placebo) will occur after an
overnight fast of at least 10 hours. Study drug will be administered with at least 240 milliliters of water. No food will be allowed for 4 hours after dosing; however, water can
be taken ad libitum.

c. Standard 12-lead safety electrocardiograms (ECGs) will be performed after the subject has been supine for approximately 10 minutes. At each relevant time point, safety
12-lead ECGs will be performed before blood collection.

d. Continuous 12-lead ECG data will be obtained using a Mortara continuous 12-lead digital ECG recorder, with triplicate 10-second ECG recordings (approximately 1 minute
apart) extracted at the following time points: Baseline (before dosing on Day 1) and at 0.5, 1, 2, 3,4, 5, 6, 8, 12, 24, 36, 48, 60, and 72 hours after dosing.

e. Vital signs (supine blood pressure, heart rate, respiratory rate, and oral body temperature) will be measured after the subject has rested for approximately 5 minutes.
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f. Blood samples will be collected for PK assessments at Baseline (0 hour; within 15 minutes before dosing) and at 0.5, 1, 2, 3, 4%, 5, 6, 8, 12%*, 24*, 36%*, 48, 60*, and 72 hours
after dosing, and on Days 8, 15, and 22. (* Planned time points for analysis of moxidectin metabolite concentrations, 8-mg cohort only)

g. Feces samples will be collected for PK assessments before dosing (single pre-dose collection*) and each bowel motion during confinement in the clinical research unit.
Samples will be pooled at the central laboratory for intervals of 0 to 24, 24 to 48, and 48 to 72 hours after dosing (up to 4 samples). (* Feces specimens [the whole bowel
movement]| may be collected by subjects [at home] within 2 days of submitting them to study staff on Day —1. Collection instructions will be provided at Screening.)

h. Urine samples will be collected for PK assessments before dosing (single pre-dose collection; first void sample in the morning is acceptable and volume recording is not
required) and for pooled intervals of 0 to 24, 24 to 48, and 48 to 72 hours after dosing (4 samples).
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2. List of Abbreviations

Abbreviation | Definition

°C degrees Celsius

°F degrees Fahrenheit

ng microgram(s)

uM micromolar

ADME absorption, distribution, metabolism, and excretion

AE adverse event

AIC Akaike’s information criterion

ALT alanine aminotransferase

AST aspartate aminotransferase

AUC area under the plasma concentration-time curve

AUCo-24 area under the plasma concentration-time curve from time 0 to 24 hours
after dosing

AUCo.inf area under the plasma concentration-time curve from time 0 extrapolated
to infinity

AUCo-last area under the plasma concentration-time curve from time 0 extrapolated
to the last observed concentration

AUC24.48 area under the plasma concentration-time curve from 24 to 48 hours after
dosing

AUC4s.72 area under the plasma concentration-time curve from 48 to 72 hours after
dosing

BMI body mass index

bpm beats per minute

BUN blood urea nitrogen

CBC complete blood count

CFR Code of Federal Regulations

CI confidence interval

CL apparent clearance

CLIA Clinical Laboratory Improvement Amendments

cm centimeter(s)

Cinax maximum observed plasma concentration

CNS central nervous system

Conc linear term for plasma concentration

Conc2 quadratic term for plasma concentration

cQT concentration QT

CRU clinical research unit

CS compound symmetry

CSRC Cardiac Safety Research Consortium
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cumAUCo-¢ cumulative AUC from time 0 extrapolated to time t (where t = 24, 48,
and 72 hours)

CYP cytochrome P450

D day

DAIDS Division of Acquired Immune Deficiency Syndrome

ddQTc time-matched, placebo-corrected, baseline-adjusted QTc

ddQTcF time-matched, placebo-corrected, baseline-adjusted QTcF

dQTcF baseline-adjusted QTcF

ECG electrocardiogram

eCRF electronic case report form

Emax maximum effect

ER exposure response

FDA Food and Drug Administration

GABA gamma-aminobutyric acid

GCP Good Clinical Practice

gm gram(s)

hERG human ether-a-go-go

HIV human immunodeficiency virus

HPLC high performance liquid chromatography

HR heart rate

ICF informed consent form

ICH International Council for Harmonisation

ID identification

1Q Innovation and Quality in Pharmaceutical Development

IRB institutional review board

v intravenous

kg kilogram(s)

1b pound(s)

LDH lactate dehydrogenase

LLOQ lower limit of quantitation of the assay

m meter(s)

MDGH Medicines Development for Global Health

MedDRA Medical Dictionary for Regulatory Activities

mg milligram(s)

mL milliliter(s)

mm Hg millimeters of mercury

msec millisecond(s)

n number

ng nanogram(s)

NOAEL no observed adverse effect level

OTC over the counter
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0z ounce

PD pharmacodynamic(s)

P-gp P-glycoprotein

PK pharmacokinetic(s)

ppm parts per million

PT preferred term

QTc corrected QT interval

QTcB QT interval corrected by Bazett’s formula

QTcF QT interval corrected by Fridericia’s formula

QTcl QT interval with individual correction

SAE serious adverse event

SOC system organ class

SOP standard operating procedure

tin terminal elimination half-life

TEAE treatment-emergent adverse event

Tmax time to maximum observed plasma concentration

TQT thorough QT

Umax time of maximal ddQTcF

UN unstructured

[N} United States

vd volume of distribution

W week

WHO World Health Organization
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3. Introduction

3.1. Background

Onchocerciasis (river blindness) is a serious, debilitating, and stigmatizing parasitic
disease caused by the helminth Onchocerca volvulus (O. volvulus). 1t is recognized as an
important public health issue by health authorities worldwide and is listed by the World
Health Organization (WHO) and United States (US) Food and Drug Administration
(FDA) as one of the neglected tropical diseases for which new treatments are sought.'

Onchocerciasis primarily affects individuals living in remote and impoverished areas of
low-income countries. More than 99% of the 37 million people with onchocerciasis
globally live in 31 sub-Saharan African countries. It is estimated that 89 million people

are at risk of infection. The disease also exists in some foci in Latin America and Yemen.

O. volvulus larvae are transmitted to humans by the bite of black flies (genus Simulium),
which breed in fast-flowing rivers and streams. The larvae develop into mature adult
worms (macrofilariae) and become encapsulated in skin nodules, from which they release
millions of microfilariae that migrate through the skin and eyes, a critical step in the cycle
of reinfection and disease perpetuation. Macrofilariae persist in the human body and have
an estimated life span of approximately 10 to 14 years.

The O. volvulus microfilariae cause the ocular and clinical manifestations of
onchocerciasis. Symptoms include pruritus, dermatitis, depigmentation and atrophy of the
skin, lymphadenitis, and visual impairment leading to blindness. Onchocerciasis is the
second leading infectious cause of blindness in the world.? In addition to substantial
ocular and cutaneous morbidity, excess mortality of visually impaired and non-impaired
individuals with heavy onchocercal infection accounted for 5% of deaths in the
Onchocerciasis Control Program (a WHO/United Nations collaboration that ran from
1974 to 2002) area in West Africa.*®

The public health and socioeconomic importance of this disease in severely affected
communities is also profound; the disease reduces income-generating capacity, incurs
substantial health expenditures, and exerts a devastating socioeconomic effect on already
challenged communities.

3.2. Current Treatment and Unmet Need

Ivermectin is a broad-spectrum endectocide that was approved by the FDA for the
treatment of onchocerciasis in 1996 and is the current standard of care. The
recommended regimen for the treatment of onchocerciasis is a single oral dose of
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150 micrograms (pg)/kilogram (kg). In international treatment programs, the most
commonly used dose interval is 12 months. The aim of these international,
community-directed ivermectin treatment programs is to achieve control in affected
communities and, ultimately, work towards elimination of onchocerciasis in areas

currently assessed as meso- or hyper-endemic for O. volvulus infection.’

Despite the positive impact of 25 years of ivermectin treatment, onchocerciasis is still a
cause of significant morbidity. It remains both a leading infectious cause of blindness and
the fourth leading cause of preventable blindness after cataracts, glaucoma, and
trachoma.® Suboptimal responses to ivermectin have been observed in onchocerciasis
populations in Africa over several years, which manifest as either incomplete reduction in
skin microfilarial counts or a short-lived decline followed by rapid repopulation of skin
microfilarial levels. This phenomenon has been reported in the literature in both

8-16

ivermectin-naive and ivermectin-experienced patients®® and was also seen among the

ivermectin treatment-naive recipients enrolled in the Phase 2 and Phase 3 studies in the

moxidectin development program.'®

3.3. Moxidectin

Moxidectin is a macrocyclic lactone that is derived from the actinomycete Streptomyces
cyanogriseus. Moxidectin is licensed and marketed worldwide by a number of companies
as a veterinary anthelmintic agent for use in cattle, sheep, swine, horses, and dogs.

Moxidectin is a milbemycin and a potent broad-spectrum endectocide being developed
for the treatment of onchocerciasis. During the development of moxidectin, extensive
safety and metabolism studies were conducted in animals. Summaries of those studies
considered relevant to the proposed clinical development are included in the
Investigator’s Brochure.

3.3.1 Non-Clinical

3.3.1.1 Pharmacodynamics

The mechanism of action of moxidectin is multifaceted; studies indicate that moxidectin
binds to gated chloride channels in the neurons and muscle cells of parasites, including
glutamate and gamma-aminobutyric acid (GABA)-gated channels. Binding to the ion
channel results in hyperpolarization of the nerve and muscle fibers, leading to paralysis
and death of the parasitic organism. Specificity of moxidectin for the parasite versus the
mammalian host is a result of this compound having low affinity for mammalian chloride
channels. For more information, please refer to the Investigator’s Brochure.
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Moxidectin has been found to be 2 to 10 times more potent in nematodes than ivermectin
on a dose-per-kg basis and to reduce the motility and viability of adult worms in vitro and
in vivo. Moxidectin is minimally metabolized with a higher lipophilicity leading to
deposition in adipose tissue, particularly skin subcutaneous fat. This is reflected in its
terminal elimination half-life (t12) of 20 to 43 days as opposed to 18 hours for
ivermectin.!” The physicochemical differences of moxidectin compared with ivermectin
result in a different pharmacodynamic (PD) profile for the parasite, and make moxidectin
an important new potential treatment for onchocerciasis. In O. volvulus infection,

moxidectin is both microfilaricidal and affects the fecundity of adult worms.

3.3.1.2 Metabolism and Excretion

The non-clinical pharmacokinetic (PK) profile of moxidectin, as profiled in rats and dogs,
is characterized by low oral absorption (rats), low plasma clearance, and a high volume of
distribution, leading to a long ti/. In radiolabeled absorption, distribution, metabolism,
and excretion (ADME) oral dosing studies in rats, moxidectin radioactivity was primarily
eliminated in the feces. Most of the radioactivity was comprised of moxidectin, although
oxidative metabolites were also detected. Urinary excretion was low (<2%) in rats. These
data indicate that moxidectin is likely cleared by a combination of biliary excretion of
unchanged drug and oxidative metabolism.

Moxidectin is not a potent P-glycoprotein (P-gp) substrate or inhibitor and it is unlikely
that clinical drug-drug interactions involving cytochrome P450 (CYP) enzyme inhibition
or P-gp will occur. Results of studies in human hepatocytes and using a
CYP3A4-luciferase reporter gene assay suggest that moxidectin is an inducer of CYP3A4
at concentrations higher than 0.05 micromolar (uM); therefore, a clinical drug-drug
interaction study was conducted. Moxidectin did not have an effect on the PK of
midazolam, a sensitive CYP3A4 probe substrate. Therefore, although moxidectin can
induce CYP3A4 in vitro, it is not an inducer in vivo at the therapeutic dose. For further
information, please refer to the Investigator’s Brochure.

3.3.1.3 Safety

In a pivotal single-dose oral (capsule) study in adult and juvenile dogs designed to assess
the planned clinical dosing regimen (once yearly administration), central nervous system
(CNS)-related clinical signs were evident in both the adult and juvenile dogs after a
single dose at the highest dose evaluated (3 milligrams (mg)/kg). In adult dogs (juvenile
dogs discussed later), these observations included tremors, ataxia, abnormal posture,
decreased motor activity, salivation, emesis, increased vocalization, mydriasis, and
retropulsion. These clinical signs were not considered adverse because they were
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transient, occurring only within 2 days after dosing, and the animals did not require
medical treatment. There were no moxidectin-related clinical signs at lower doses, and no
other parameters were affected by moxidectin. Therefore, the no observed adverse effect
level (NOAEL) in adult dogs was 3 mg/kg.

In repeat-dose oral (diet) studies in mice, rats, and dogs, moxidectin was well tolerated at
the NOAELSs in each of these studies. The NOAEL was 6.9 mg/kg/day in the 4-week
mouse study, 12.2 mg/kg/day in the 4-week rat study, 3.9 mg/kg/day in the 13-week rat
study, and 0.8 mg/kg/day in the 4-week dog study. Findings at the next highest dose
included mortality in the 4-week studies in mice and rats, decreased body weight and
food consumption in the rat and dog studies, increased organ weights of the adrenal gland
and kidney in the 13-week rat study and CNS-related clinical observations in all studies.
Additional findings in dogs at the next highest dose of 2.4 mg/kg/day included decreased
colloid in the thyroid and decreased testes weight and spermatogenic activity, which may
have been related to the degree of maturation of the 5- to 6-month old dogs as they were
not observed in the 1-year dog study. In the 13-week and 1-year studies in dogs, there
were no adverse effects; therefore, the NOAELSs were the highest doses tested, 1.6 and
1.1 mg/kg/day, respectively. The CNS-related clinical observations observed in the
repeat-dose diet studies included tremors observed in all 3 species, ataxia observed in rats
and dogs, hypersensitivity to touch observed in mice and rats, and mydriasis observed in
dogs.

Moxidectin was not genotoxic in a battery of genotoxicity assays, in vitro or in vivo, and
was not carcinogenic in mice or rats. The reproductive NOAELs were 5 mg/kg/day in
both the rat and rabbit developmental studies and at 5 parts per million (ppm)

(0.4 mg/kg/day) in the rat 3-generation study. In female dogs administered a single
subcutaneous 1.5-mg/kg injection of moxidectin canine sustained-release injectable
formulation 1 month before mating, 1 day after mating, 28 days after mating, or 5 days
after whelping, there were no adverse effects on the female animals, breeding behavior,
reproductive capacity, pup survival, or pup body weight. The adverse fetal effects
observed in the rat and rabbit toxicity studies occurred only in the presence of maternal
toxicity. For further information, please refer to the Investigator’s Brochure.

The results of the non-clinical safety program supported the subsequent implementation
of 5 healthy volunteer Phase 1 studies using singles doses of moxidectin up to 36 mg.
Phase 2 and 3 studies have since been conducted in adult and adolescent patients with
onchocerciasis (see Section 3.3.2).
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3.3.2 Clinical

The moxidectin clinical program encompasses 7 completed single oral dose clinical
studies spanning Phases 1 to 3. The PK and safety data from these studies are
summarized below. For further information, please refer to the Investigator’s Brochure.

3.3.2.1 Pharmacokinetics

Moxidectin is a biopharmaceutics classification system Class 2 drug with low solubility
and high permeability. Moxidectin PK data are available from 193 healthy subjects from
five Phase 1 studies and 98 patients with O. volvulus infection from the Phase 2 study. In
all studies, subjects received a single moxidectin dose ranging from 2 to 36 mg.

Following a single dose of moxidectin in humans, plasma concentrations increased until
approximately 3 to 4 hours and then decayed in a multiphasic manner, with rapid
distribution resulting in concentrations declining 10-fold during the first 24 to 48 hours
following drug administration. Thereafter, plasma concentrations declined slowly, in
accordance with a long terminal half-life, likely due to sequestration in adipose and skin
tissue. Administration of moxidectin with food resulted in an increase in maximum
observed plasma concentration (Cmax) and area under the plasma-concentration time
curve (AUC) of 34% and 39%, respectively.

High performance liquid chromatography (HPLC) methods with fluorescence detection
were validated for the quantitation of moxidectin in human plasma and breast milk.
Based on a 0.5-milliliter (mL) sample volume, the assays were linear from 0.08 to

120 nanograms (ng)/mL. For further information, please refer to the Investigator’s
Brochure.

3.3.2.2 Clinical Studies of Moxidectin

Moxidectin has been administered to 194 healthy volunteers in five Phase 1 studies, and
in 1105 patients with onchocerciasis in one Phase 2 and one Phase 3 study. For further
information, please refer to the Investigator’s Brochure.

Phase 1 studies of moxidectin evaluated single oral doses of 3 to 36 mg of moxidectin
under fasted and fed conditions in healthy men and women. Moxidectin was well
tolerated across the dose range. All of the adverse events (AEs) reported across all

5 studies were mild to moderate in intensity, with the exception of one Grade 3 event
(enteritis) in a subject who received 36 mg (which was deemed unrelated to test article).
There were no Grade 4 events and no clinically relevant abnormalities observed in vital
sign measurements, electrocardiograms (ECG